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Epidermis has been separated from dermis
by a variety of methods including heat (1),
exposure to chemical agents, e.g., acids, alkalis,
or neutral salts (1—8), mechanical forces (9—15)
and incubation with enzymes (16—23). In one
of these studies (16) it was observed that
epidermal sheets could be prepared from human
skin incubated in Tyrode's solution containing
commercial trypsin. Purified trypsin was not
found to be effective under similar conditions
(20, 24). Noting that epidermis is thought to be
secured to the dermis by elastic fibers (16, 17,
20), and that the enzyme elastase breaks down
elastic fibers (25, 26), Medawar (24) suggested
that the ability of commercial, but not purified
trypsin to split epidermis from dermis was due
to elastase present in commercial trypsin. On
the basis of this suggestion, mouse skin was
incubated with crystalline elastase in the present
investigation to determine the effectiveness of
this enzyme in separating epidermis from dermis.
MATERIALS AND METHODS
Young adult male and female mice from strain
B6AF,t and SWRt were employed. The mice were
killed by cervical dislocation and the hair on the
nape of the neck removed with electric clippers.
The denuded area and both ears were washed
thoroughly with soap and tap water following
which the ears and a 1.5 cm square of back skin
were excised and placed into a moist chamber
consisting of a Petri dish containing about 1 ml
of sterile Tyrodc's solution. The ears were sepa-
rated into inner and outer halves with the aid of
scalpel and forceps in a manner similar to that
described by Billingham and Medawar (23). Each
half of ear or the back skin was placed with the
epidermal side against the bottom of the dish and
as much cartilage, adipose, and loose connective
tissue removed as possible. The cartilage in the
ear generally could be removed as a relatively
intactlayer whereas the adipose tissue which was
firmly attached to the dermis had to be removed
by scraping the exposed surface with the rounded
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end of a curve-tipped iris forceps. These prelimi-
nary procedures produced a preparation consisting
almost entirely of epidermis and dermis.
Tissues were incubated in solutions of either a
commercial trypsin (Trypsin 4X—IJ.S.P., Pan-
creatint) or elastase (Elastase 2X—crystalline)
prepared as follows:
(a) Trypsin: 0.5% solution in Tyrode's (final
pH 7.5) sterilized by passing the solution through
a sterile Seitz filter. Ten ml of this preparation
were added to a sterile glass-covered Stender dish
and the latter transferred to a water bath main-
tained at 370350 C.
(b) Elastase: 1.2mg in 10 ml of sterile Tyrode's
(final pH 7.5), and the contents maintained at
370350 C as previously described.
Two additional Stender dishes containing sterile
Tyrode's alone (pH 7.2) were maintained in the
same water bath and served as a rinse following
exposure of tissues to the enzyme preparations.
No more than 2 pieces of ear or 4 pieces of back
skin were incubated at one time in the 10 ml of
solution. The pieces were immersed fully and left
there for 10 or more minutes after which they were
removed, rinsed briefly in the Stender dishes con-
taining Tyrode's and then transferred, epidermal
side down, to sterile Petri dishes moistened with
the same solution.
Epidermis was separated from dermis under a
dissecting microscope with the aid of iris and
watchmaker's forceps by holding the epidermal
side against the bottom of the dish and pulling
against the overlying dermis. In this manner the
dermis was freed leaving behind a thin intact sheet
of epidermis. Completeness of separation was
confirmed by histologic examination.
RESULTS AND DIScUsSION
Separation of epidermis from dermis proved
unsatisfactory when skin with panniculus adi-
posus intact was incubated with either elastase
or trypsin. However, separation was readily
achieved when the panniculus adiposus layer
was removed prior to incubation. Thus the ability
of elastase or trypsin to split the skin varied with
thickness of the fragments incubated. As a
result of repeated trials, it was found best to
incubate no more than 4—5 pieces of back skin
each measuring approximately 8 mm x 2—3 mm,
or skin from one entire ear in 10 ml of enzyme
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solution. The use of wider pieces of back skin or
a large number of pieces for this amount of
incubating medium generally increased the dif-
ficulty of separation. These results indicate that
in addition to thickness, one also must consider
width and total amount of skin incubated per
volume of enzyme solution.
A 20—25 minute incubation in elastase or a
30-minute interval in trypsin appeared to be
optimum for separating epidermis from dermis
in the case of back skin whereas corresponding
incubating times for ear skin were 10—15 minutes
(elastase) and 25 minutes (trypsin). Thus, a
longer incubation period was required to obtain
separation for back skin than ear skin. This
difference may well be due to the fact that back
skin contains a greater abundance of hair follicles
which help secure the epidermis to the dermis.
It is apparent, too, from the present experiment
that a shorter incubation period is required to
separate epidermis from dermis using elastase
rather than trypsin. In a recent communication,
Lewis et at (27) reported that commercial trypsin
(pancreatin 4 x, U.S.P.) contains approximately
0.5% elastase. The solution we employed con-
tained 0.12 mg elastase per ml of Tyrode's. This
is about 5 times that found in commercial trypsin
as reported above. The shorter incubation period
for crystalline elastase in the present study may
well be due to a higher enzyme concentration.
Intact epidermal sheets were more difficult
to obtain when the interval of incubation was
extended much beyond the optimum times listed.
Thus, ear epidermis showed a tendency to
fragment during separation when a 25—30 minute
period in elastase was employed, and further
incubation resulted in partial or complete destruc-
tion of the epidermis.
The oxygen consumption of epidermal sheets
and of the dermis was determined using standard
Warburg Manometers, at 37° C with oxygen as
the gas phase and Tyrode's solution as the
suspending medium. The results, some of which
have already been presented (28), will be re-
ported in detail in a subsequent publication, but
it can be noted here that the values obtained
following separation with elastase or trypsin
incubation were significantly higher than those
reported by others (29, 30, 31) for mouse ear
skin.
Histologic examination of the epidermal sheets
removed with trypsin or elastase in the present
study demonstrated that the basal layer was
intact except for a few small areas at the margin
of the epithelial sheet and that no connective
tissue could be detected still attached to the
epithelial sheets stained with specific connective
tissue stains (e.g., Masson-Lillie) (Fig. 1).
If oxygen consumption were measured using
epithelial sheets that either contained an ad-
mixture of connective tissue (29) or were in-
complete (i.e., lacking many of the basal cells),
then values lower than those obtained with the
epithelial sheets of the present study would be
expected (vide supra). It should be noted that
Berwick (22) found much of the basal layer of
the epidermis still attached to the dermis follow-
ing separation of rabbit ear skin after incubation
with trypsin, as did Tsanev and Markov using
mouse skin (32).
It is apparent that crystalline elastase is
effective in the separation of epidermis from
dermis. A similar separation was not obtained
when skin was incubated with purified trypsin
(20, 24). These findings support the suggestion
Fia. 1. Dermal aspect of epidermis separated
following incubation with elastase. Note small,
dense nuclei of basal cells over entire area, except
for small portion on margin (lower left) where
larger, widely-spaced nuclei of surface cells can
be seen.
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of Medawar (16) that the epidermal-splitting
activity of commercial trypsia is due to its
content of elastase. However, whether or not
elastase alone is responsible remains uncertain
in view of a recent report (21) that epidermis
may be separated from dermis following incuba-
tion of guinea-pig skin with crystalline trypsin.
SUMMARY
Skin from the ear and back of the mouse was
incubated in Tyrode's solution containing crys-
talline elastase or commercial trypsin. Epidermis
with basal layer essentially intact could be
separated readily from dermis following either
of these treatments. A shorter period of incuba-
tion was required for elastase than trypsin to
effect separation. Ease or difficulty of separation
was directly related to the total amount and
dimensions of the samples of skin incubated.
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